Summary. Rat offspring were delivered by Caesarian section at term and fostered to lactating mothers which had had their own young removed. The major variables studied were the presence or absence of the placenta at the time of fostering, the rate of presentation of the foster young to the mother, and the length of time a mother was without any young. The percentage of animals surviving until weaning (21 days) and the body weight of the survivors were recorded.
INTRODUCTION
In a previous paper (Denenberg, Grota & Zarrow, 1963) we described an approach to the analysis of maternal behaviour by means of a cross-fostering procedure. Within 1 hr after birth, rat pups were fostered to mothers that had been lactating for 1, 5 or 10 days. In addition, the young were fostered either with the placenta still attached to the umbilicus, or after the natural mother had eaten the placenta. Both of these variables significantly affected the per¬ centage of young which survived through weaning as well as the weaning weight of the survivors. These, as well as other studies (Denenberg, Ottinger & Stephens, 1962; Ottinger, Denenberg & Stephens, 1963; Seitz, 1954 Seitz, , 1958 , establish that the behavioural and physical development of the young can be used as sensitive end points for the analysis of maternal behaviour.
When young are born in the normal fashion, it is difficult, if not impossible, to control certain aspects of the fostering situation which may be of importance. One such variable is the duration of normal parturition; . Although the pups were fostered within 1 hr after birth, no attempt had been made to control the amount of time the foster mother was without any young (i.e. the time between the removal of her own young and the presentation of the first foster pup). an abdominal incision made, and both horns of the uterus excised. The placenta was either removed from the uterus with the pup or was removed from the umbilicus as described in the first experiment. The pup or pups were carried to the foster mother's cage in a gloved hand and placed in the cage near the mother. Each mother was observed until retrieving occurred.
All pups were weighed at 10, 15 and 21 days of age when they were weaned.
Results
The survival ratios and body weights at 21 days are presented in Table 3 . The amount of time that foster mothers were without pups (30 or 60 min) did not affect the survival rate (61% and 67%, respectively) in this experiment. The absence of the placenta enhanced survival probability when the pups were fostered 10 min apart ( 2 = 11-25, P<0-01), but acted to reduce the survival 410 Lee J. Grota et al. probability somewhat when the young were fostered simultaneously (69% survived when the placenta was present; 56% survived when the placenta was absent). Text- fig. 1 presents the functional relationship between survival probability and the time interval between successive presentations of pups to the foster mothers. These results were obtained by combining the data of the first three experiments in which females had been presented with foster young either 30 min or 60 min after their own pups had been removed. The two curves are almost mirror images of each other. The longer the interval between presentations of the pups to the foster mother (between 0 and 10 min), the higher is the probability that the young will survive through weaning, if the placenta is absent when the young are fostered; the exact opposite effect is obtained if the placenta is present at fostering. An analysis of variance of body weights, using the litter mean as the unit of measurement, found no significant differences.
DISCUSSION
The major finding of this series of experiments is that the presence of the placenta led to a decrease in survival probability for Caesarian-delivered young (52% survived). This is in marked contrast to the results of our previous study in which the presence of the placenta yielded a higher rate of survival when normally-delivered young were fostered (94% survived). The two most likely reasons for this large difference in survival rate appears to be the method of delivery or some factor associated with the placenta.
We have evidence that the method of delivery is probably not implicated. In our first paper we reported that 76% of normallydelivered young survived to weaning when they were fostered without the placenta to mothers which had been lactating for 1 day. In Experiment 1 of this study we found that 72% of Caesarian-delivered young survived to weaning when they were fostered without the placenta to mothers which had been lactating for 1 day. In another paper (Grota, Denenberg & that the injection of 4 µg of oestrogen into the foster mother enhanced the survival rate of the young while a 10-/ig injection resulted in a decrement in survival. Wiesner & Sheard (1933) were the first to study the maternal behaviour of rats whose own young were delivered by Caesarian section. The present study may be considered to be an extension of their procedure in which Caesarian delivery is combined with cross fostering to study various parameters of maternal behaviour. This technique offers considerably more control over a number of relevant variables than does the procedure of using normally-delivered young.
